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Field of Invention 

5 

A method and apparatus for separating liquid droplets from a gas stream. 

Background of the Invention 

10 Separation of very fine liquid droplets from a gas is required in many 

applications where finely dispersed liquid droplets are used in chemical or energy processes. 

One example involves the fine pulverization of water prior to admission into the 
suction side of a compressor, aiming at increasing the effectiveness of a (turbo) compressor by 

15 cooling the gas before admission. Even if it is assumed that cooling-evaporation consumes 70- 
80% of the liquid dispersed into atomized droplets, approximately 20% of the liquid in the 
form of fine droplets remain and enter the combustion chamber (of the gas turbine power 
equipment). Due to the resulting "humid" nature of the combustion gas, the system efficiency, 
while considerably increased by cooling the air prior to compression, may be reduced by 2% or 

20 more. In the case of a 10 MW gas turbine unit such a reduction in efficiency represents a 
significant amount of energy (which is consumed as latent heat for evaporation in the 
combustion chamber). 

In a second example, a fine pulverization is required to increase the contact area 
25 of a liquid reactant in order to improve the contact area in a chemical reaction (e.g., 1 liter = 1 
dm 3 of liquid pulverized to a 5 Jim droplet size will acquire an exchange area of approximately 
4800 m 2 ). 

In a third example, aiming at the removal of extremely fine solid particles, a 
30 particle cloud is "chased" by pulverized liquid droplets which are formed by a pulverization 
process. A correlation is required between the size distribution of the solid particles and the 
size distribution of the liquid droplets (which "chase" and coalesce with the "dust-like" solid 
particles) in the range of "a similar order of magnitude" (e.g. micron for micron). 
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In a fourth example a gas may be selectively separated using a non-contact 
(surface) gas extraction device. Atomization of a fine cloud of a selective adsorbent/absorbent 
in the form of a dense cloud of micro-droplets will represent a solution which will avoid the 
need for film or solid support surfaces. 

5 

In a fifth example, liquid micro-droplets may result from a process of bulk 
condensation, where a humid gas (containing water or any other solvent in a gaseous form) is 
exposed to a pressure-temperature process and with the aid of a large population of sub- 
"micronic" impurities (usually present in any industrial gas) offers conditions for "bulk 
1 0 condensation" of the liquid micro-droplets. 



In a sixth example, a number of technologies can be grouped together in the 
field of "direct contact heat & mass exchangers" which may be used to avoid the use of 
conventional bulky equipment, fouling, corrosion, large capital & operation costs and to take 
15 full advantage of existing or created micro-droplets of liquid for contacting gas or solids (in 
fine particulate form) and/or for the enhancement of chemical reactions, evaporation processes, 
heat transfer processes and mass transfer processes. 



Although the technology of atomizing or pulverizing liquids into droplets is 
20 well represented in the technical literature (see for example " Atomization & Sprays", A.H. 
Lefebre, printed by Taylor & Francis- Hemisphere, 1989), the next important stage of almost 
any such modern processing system, consisting of the effective separation of the "processed" 
or created micro-droplet population (usually suspended by a gas), is not well developed, is 
difficult and represents the main deterrent for a broader application of direct-contact 
25 technologies (micro-droplets of liquid direct contacting gas and/or dust-like micro-particles). 



In any separation technology a proper balance between separation efficiency, 
maintenance cost and minimization of pressure drop, whether in a clean or clogged state, is 
essential. Some exemplary separation technologies disclosed in the art include the following: 

30 

(a) particles to be separated are electrically charged prior to entering the separator 
apparatus and meet walls carrying an opposite electrical charge (electrostatic or 
AC/DC). Aqueous droplets are generally avoided due to high-electrical 
conductance and other electrically related safety concerns, with the result that 
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electrically based separation technologies typically cannot be used for 
separating aqueous or highly electrically conductive liquids. These technologies 
do, however, provide a "wall extraction" but in a laminar, quiescent flow 
regime, which detracts from the system efficiency but enhances the particle 
removal mechanism; 

(b) filters and coalescers, metallic and non-metallic pads and micro-porous filled 
containers for liquid droplets and solid particles may represent viable 
alternatives for some applications. These technologies can be used in tailored 
applications but require frequent maintenance, particularly where impurities are 
attached to any of the phases of the fluid system being treated. Clogging is one 
of the more important problems associated with these types of separation 
technologies. Where "plugging" impurities are attached to one or more phases 
of the fluid system being treated, and where large amounts of gas throughput 
should be processed with minimum pressure drop, the use of micro-porous 
container or pads system is typically excluded, thus eliminating the application 
of these types of technologies from fluid systems carrying "gum-like" 
suspensions (as in oil/gas fields), which have the tendency to rapidly deteriorate 
the flow-pressure drop characteristics of the fluid flow and render the 
technology inefficient or unacceptable; 

(c) mechanical separation technologies may be used to separate liquid droplets from 
some fluid systems, but the separation of liquid micro-droplets entrained by a 
gas is known to pose practical problems with most conventional mechanical 
separator designs including gravitational separators which depend upon gravity 
settling and according to Stokes* Law require a residence time (Liquid Volume 
(m 3 )/Throughput in (m 3 /h)) in excess of the time required for a liquid particle to 
reach the liquid-gas interface. For example, for a liquid micro-droplet having a 
size of 5 /un (l^m=l m/10 6 ), a free falling velocity in air is obtained (from 
Stokes' Law) according to Equation 1: 



WO 2005/070520 PCT/CA2005/000089 
II dg(p| iq -Pair) 

"droplet- ^ 9 " (1) 

(5/10 6 m) 2 (1000-1)(kg/m 3 ) g , s2) m 0 06 / ! 00 (m / s) = 0.6mm / s 
1 8[(0.02cP) / 1 000](kg / ms) 

where U dr o P iet is the free falling velocity, dp is the spherical diameter of 
droplet/particle (falling under Stokes' Law), fi is the viscosity in SI units 
5 (lcP=l/1000 kg/m s), and p is the densities of water (for the water droplets) and 

gas. 

For a gas space of 0.5 m, a 5 fxm droplet will require approximately 1000 s (16 
minutes) to reach the liquid level, for a 2/im micro-droplet, the required time (in 
1 o absolutely still air) is more than 30 min. 

Conventional (gravity/cyclone) separation are customarily designed for a "free 
gas" velocity of approximately 0.1-0.3 m/s. At this order of velocity magnitude, 
all droplets having a free-falling velocity an order of magnitude smaller will 
15 typically be entrained and will not fall and separate. Therefore, any technology 

using a "gravity separation mechanism" is not typically feasible for the 
separation of liquid micro-droplets from gas streams. 

(d) cyclone, rotational, and other inertial separation technologies may also be used 
20 to separate liquid droplets in some applications. In these technologies, the effect 

of separation may be intensified using a "cyclone" or other inertial effect. This 
may be visualized if, in Equation (1) the acceleration due to gravity (g = 9.81 
m/s 2 ) is replaced by centrifugal acceleration Ra> 2 (m/s 2 ). Measured as a 
"multiple of "g", centrifugal acceleration is practically limited to about 5-10 
25 times "g" (or a maximum of 40 g for extremely expensive separation units and 

about 100 g for special "multiple plate designs"). Even if a "10 g" separation 
apparatus is utilized, the centrifugal acceleration achieved may not be high 
enough for effective separation of micro-particles. 

30 A self-generated (swirl flow) cyclone will typically achieve relatively low "g" 

values unless extremely high pressure drops are acceptable in the system. 
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Another solution would be to create a "compact" unit where the "free falling 
distance to interface" is significantly reduced (to be in the order of about 1 
centimeter) in order to reduce the required residence time for separation. This 
approach is used for some special (heavy oil) liquid-liquid-solid separators, 
5 where the viscosity of the continuous phase (i.e., the carrier) is a deterrent to the 

use of other technologies. 

Summary of the Invention 

10 The present invention includes a method and apparatus for separating liquid 

droplets from a gas stream. The liquid droplets may be comprised solely of liquid or the liquid 
droplets may contain solid particles and/or entrained gas. 

The liquid droplets may be comprised of any liquid or combination of liquids, 
15 the solid particles contained in the liquid droplets (where present) may be comprised of any 
solid or combination of solids, the entrained gas contained in the liquid droplets (where 
present) may be comprised of any gas or combination of gases, and the gas stream may be 
comprised of any gas or combination of gases. 

20 Preferably, the invention is used generally for removing impurities from the gas 

stream, where "impurities" may include any unwanted liquid or solid. The removal of such 
impurities may be desirable in order to protect equipment which is to be exposed to the gas 
stream from fouling or malfunctioning as a result of the presence of the impurities, or to 
increase the efficiency of such equipment. 

25 

In preferred embodiments, the invention is intended for use in removing liquid 
droplets substantially comprising water (with or without solid particles) from a gas stream 
which may for example be comprised of air or hydrocarbon gas. In a particular preferred 
embodiment, the invention is intended for use in removing liquid droplets such as water 
30 droplets from natural gas fuels in order to protect burner systems in cold climates from 
clogging and malfunctioning due to the formation of ice deposits. 

The invention may in principle be used to remove liquid droplets of any size 
from a gas stream, but is considered to be most beneficial for use in separating droplets having 
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a size within a range of sizes of between about 1 and about 100 ftm, between about 1 jim 
and about 50 ftm or even between about 1 fim and about 20 fim, since droplets within these size 
ranges are typically very difficult to separate using either gravity or inertial separation 
technologies. 

5 

As a result, allowing for droplet size distributions within a gas stream, 
preferably at least fifty percent by weight of the liquid droplets have a size within the size 
ranges identified above. 



10 Embodiments of the invention are based upon some or all of the following 

principles: 

(a) liquid droplets entrained in a gas stream will be attracted by interfacial tension 
or adhesion forces to a collector surface such as a collector wall; 

15 

(b) the likelihood or probability of liquid droplets moving close enough to the 
collector surface for the adhesion forces to collect the droplets on the collector 
surface as collected droplets can be significantly enhanced by exposing the gas 
stream to the collector surface under substantially turbulent flow conditions, 

20 such that the droplets are directed to randomly contact (or nearly contact) the 

collector surface; and 

(c) coalescing of the collected droplets on the collector surface can produce a 
population of coalesced collected droplets which can subsequently be separated 

25 from a gas phase using gravitational or inertial separation technologies. 



In a first apparatus aspect, the invention is an apparatus for separating liquid 
droplets from a gas stream, comprising: 

30 (a) a collector surface for collecting the droplets as collected droplets; and 

(b) a drainage mechanism associated with the collector surface for removing the 
collected droplets from the collector surface. 
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In a second apparatus aspect, the invention is an apparatus for removing liquid 
droplets from a gas stream, the apparatus comprising: 



a flowpath for the gas stream, the flowpath comprising a flowpath inlet; 

a collector surface, positioned adjacent to the flowpath so that the gas stream is 
in communication with the collector surface as the gas stream passes through 
the flowpath, for collecting the droplets as collected droplets; 

a flow conditioner in communication with the flowpath inlet, for conditioning 
the gas stream to provide substantially turbulent and generally axial flow of the 
gas stream through the flowpath; and 

a drainage mechanism associated with the collector surface, for draining the 
collected droplets from the collector surface. 

In a third apparatus aspect, the invention is an apparatus for removing liquid 
droplets from a gas stream, the apparatus comprising: 

(a) a plurality of parallel flowpath assemblies, each of the flowpath assemblies 
comprising: 

(i) a flowpath for the gas stream, the flowpath comprising a flowpath inlet; 

(ii) a collector surface, positioned adjacent to the flowpath so that the gas 
stream is in communication with the collector surface as the gas stream 
passes through the flowpath, for collecting the droplets as collected 
droplets; 

(iii) a flow conditioner in communication with the flowpath inlet, for 
conditioning the gas stream to provide substantially turbulent and 
generally axial flow of the gas stream through the flowpath; 



(a) 
(b) 

(c) 

(d) 
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a drainage mechanism associated with the collector surface, for draining 
the collected droplets from the collector surface; and 



(b) a distributor associated with the flowpath inlets, for distributing the gas stream 
to the flowpaths. 

In a first method aspect, the invention is a process for separating liquid droplets 
from a gas stream, comprising: 

(a) providing a collector surface; 

(b) exposing the gas stream to the collector surface under substantially turbulent 
flow conditions in order to cause the droplets to accumulate on the collector 
surface as collected droplets; and 

(c) removing the collected droplets from the collector surface. 

In a second method aspect, the invention is a method of removing liquid 
droplets from a gas stream, comprising: 

(a) conditioning the gas stream so that the gas stream exhibits substantially 
turbulent flow; 

(b) passing the gas stream generally axially through a flowpath under substantially 
turbulent flow conditions so that the gas stream is in communication with a 
collector surface positioned adjacent to the flowpath, thereby causing the 
droplets to collect on the collector surface as collected droplets; and 

(c) draining the collector surface to remove the collected droplets from the collector 
surface. 

The collected droplets are preferably permitted or encouraged to coalesce on the 
collector surface before the collected droplets are drained from the collector surface, so that the 
collected droplets form small pools, liquid films or rivulets of coalesced collected droplets on 
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the collector surface. Such coalesced collected droplets are relatively easy to drain from the 
collector surface and may themselves function to attract and collect additional droplets or solid 
particles on the collector surface. In addition, such coalesced collected droplets, once drained 
from the collector surface, are relatively more easy to separate from a gas phase using 
5 gravitational or inertial separation technologies than are the liquid droplets before they are 
collected and coalesced. 

An important feature of the invention is that substantially turbulent flow in the 
gas stream in the vicinity of the collector surface is provided. In other words, the flow of the 

10 gas stream through the flowpath should at least exhibit a Reynolds number which exceeds the 
minimum Reynolds number for transition from laminar flow to turbulent flow so that the flow 
can be considered to be either transitional or fully turbulent. More preferably, the flow of the 
gas stream through the flowpath should exhibit a Reynolds number which is near to or exceeds 
the minimum Reynolds number for fully turbulent flow so that the flow can be considered to be 

15 fully turbulent. 

As a result, the term "turbulent flow" as used herein is intended to encompass 
flow which may be considered to be either transitional or fully turbulent, but which preferably 
is fully turbulent. The term "substantially turbulent flow" as used herein is intended to 
20 encompass turbulent flow in which minor or insubstantial portions of the gas stream may not 
experience turbulent flow at a particular time or location. 

The scale dimension "L" and superficial gas velocity *TJT should therefore most 
preferably be designed so that the Reynolds number (Re) equals or exceeds the critical 
25 Reynolds number (Re cr ) for fully turbulent flow with a particular configuration of flowpath and 
collector surface, so that Re SRe cr where: 

Re _ U(m / s)xL(geometry factor - m) ^ 
G ~ v(m 2 /s) 

30 where U is the average gas stream velocity in m/s, L is a geometry factor (for pipes L = inside 
diameter (m)), and v is the gas kinematic viscosity in (m 2 /s). As an example, for a gas absolute 
viscosity of 0.02 cP and a density of 1.2 kg/m 3 , the gas kinematic viscosity is: u (m 2 /s) = 0.02 
cP/(1.2 kg/m 3 /1000) = 16.6 (m 2 /s). 
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A preferred goal of the invention is to minimize re-atomization and re- 
entrainment back into the gas stream of collected droplets which have collected and coalesced 
on the collector surface (resulting from the collection of the droplets on the collector surface 
and subsequent coalescence of the collected droplets). An alternate preferred goal of the 
invention is to provide that if droplets do become re-atomized or re-entrained in the gas stream, 
the re-entrained or re-atomized droplets have a size which is significantly larger than the size of 
the liquid droplets which were contained in the gas stream before they were collected on the 
collector surface. Preferably the re-atomized or re-entrained droplets have an average size 
which is at least ten times the average size of the original liquid droplets. 

It has been found that these goals can be achieved by controlling one or more 
flow parameters relating to the flow of the gas stream through the flowpath. Such flow 
parameters may relate to a maximum Weber number within the flowpath, to the maintenance of 
annular flow conditions within the flowpath, to the superficial gas velocity of the gas stream 
through the flowpath, or to some other parameter. 

As a first example, it has been found that by limiting the Weber number 
pertaining to the flow of the gas stream through the flowpath to a Weber number which does 
not exceed the "film breaking threshold" for the collected droplets, re-entrainment and re- 
atomization of collected droplets can be minimized. In particular, it has been found that a 
suitable limit on the value of the Weber number for collected droplets comprising water is 
about 30, such that: 



We= ° ° (-) <30 (3) 



where We is Weber number, p 0 is the density of the gas phase of the gas stream, U G is the 
superficial gas velocity of the gas stream, d is the diameter of the droplet and a is the interfacial 
tension of the liquid comprising the droplet. 

As a second example, it has been found that by limiting the superficial velocity 
of the gas stream through the flowpath to a velocity which is less than a "critical atomization 
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gas velocity" of the gas stream through the flowpath, the extent of re-atomization and re- 
entrainment of the droplets back into the gas stream can be minimized. 

The "critical atomization gas velocity" may be estimated, using an assumed 
annular flow pattern through the flowpath, as the velocity at which a typical droplet formed 
through breaking and atomization of a liquid film of coalesced collected droplets at the liquid - 
gas interface in an annular flow pattern will remain in suspension in the gas stream, according, 
for example, to the following equations: 



4 = — gAp (4) 

o 



where C d is the friction coefficient of the droplet, d is the diameter of the droplet, p G is the 
density of the gas phase of the gas stream, U G is the superficial gas velocity of the gas stream, g 
is acceleration due to gravity, and Ap is the difference in densities between the liquid 
1 5 comprising the droplet and the gas phase of the gas stream. 



U„ = 



nl/2 

4gApd 
_3PGC d _ 



(5) 



where U 0 is the superficial gas velocity of the gas stream, g is acceleration due to gravity, Ap is 
20 the difference in densities between the liquid comprising the droplet and the gas phase of the 
gas stream, p G is the density of the gas phase of the gas stream, and C d is the friction coefficient 
of the droplet. 

We= ° ° (-) (6) 
a 



where We is Weber number, p G is the density of the gas phase of the gas stream, U G is the 
superficial gas velocity of the gas stream, d is the diameter of the droplet and a is the interfacial 
tension of the liquid comprising the droplet. 
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The size of the typical droplet can be estimated by assuming a critical Weber 
number for atomization (for example We = 30) and by assuming a typical drag coefficient for 
gas at a high Reynolds number (for example C d - 0.44), so that by combining Equation (5) and 
Equation (6), the following equation is obtained: 

uS—a-3.i<2*#^- 0»/«) (7) 

Pg 

where U S Gmm-* a is the critical atomization gas velocity. 

As an example, for a water - air system at a standard temperature of about 15 
degrees Celsius and a standard pressure of about 1 atmosphere, the critical atomization gas 
velocity is about 14.5 meters per second. 

At velocities less than the critical atomization gas velocity, droplets may break 
from the liquid film and atomize into the gas stream, but will tend to re-collect on the collector 
surface (which for the numerical example above is considered to be a liquid film comprising 
coalesced collected droplets, which liquid film has formed on the collector surface). 

At velocities at or slightly greater than the critical atomization gas velocity, 
droplets may become re-atomized or re-entrained in the gas stream, but their size will tend to 
be significantly larger than the size of the liquid droplets which were originally contained in the 
gas stream, thus making the re-atomized and re-entrained droplets relatively more easy to 
separate from the gas stream using gravitational or inertial separation technologies. 

The use of a moderate but effective substantially turbulent flow in the vicinity 
of the collector surface in the manner as described above facilitates the separation of the 
droplets from the gas stream at a relatively small pressure drop while preferably maintaining 
the overall separation efficiency at desirable levels (for example, above about 90%). 

The collector surface may be comprised of any surface or combination of 
surfaces which is suitable for collecting the droplets. For example, the collector surface may 
be generally planar, may be generally cylindrical or tubular, may be generally rectangular, or 
may be any other shape or configuration. The collector surface may be constructed of metal, 
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non-metal or composite materials. The collector surface may be rigid or flexible and may be 
stationary or moving. In some embodiments, the collector surface may be comprised of a 
liquid surface, which liquid surface may be supported by a solid surface. The liquid surface 
may be comprised of a liquid having the same composition as the droplets to be collected, or 
the liquid surface may be comprised of a liquid having a different composition from the 
droplets to be collected. 

The collector surface may be relatively smooth or textured. Preferably the 
collector surface is textured. The collector surface may be textured in any manner, such as by 
being relatively rough, corrugated, ribbed or wavy, in order to promote turbulent flow of the 
gas stream past the collector surface and/or to enhance the collection of the droplets on the 
collector surface. The collector surface may also be comprised of one or more grooves, 
channels or depressions for collecting the droplets which approach the collector surface. 

The collector surface preferably is "wettable" by the droplets which are intended 
to be collected by the collector surface so that the formation of a film of coalesced collected 
droplets on the collector surface and movement of the film along the collector surface will be 
promoted. In other words, preferably a significant adhesion force will be exhibited between 
the collector surface and the droplets. 

The collector surface may be constructed entirely of a wettable material or the 
collector surface may be lined or coated with a wettable material. The wettable material is 
preferably comprised of a solid but may be comprised of a liquid. For example, the collector 
surface may be comprised of a solid surface which is lined or coated with a liquid material. 
The liquid material may be comprised of a liquid having the same composition as the droplets 
to be collected, or the liquid material may be comprised of a liquid having a different 
composition from the droplets to be collected. 

The selection of a suitable wettable material will depend upon the droplets 
which are intended to be collected by the collector surface. For example, in some applications, 
it may be desirable for the collector surface to be "water-wettable" while in other applications, 
it may be desirable for the collector surface to be "oil-wettable". 
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The flowpath may be comprised of any pathway for the gas stream which will 
permit communication between the gas stream and the collector surface as the gas stream 
passes through the flowpath. The flowpath may be surrounded by the collector surface so that 
the flowpath is defined by the collector surface. Alternatively, the collector surface may be 
positioned within the flowpath or positioned adjacent to the flowpath. 

In one preferred embodiment, the flowpath is defined by the collector surface, 
which collector surface is comprised of a plurality of generally planar surfaces which together 
form a generally rectangular conduit for the gas stream. In this embodiment, further collector 
surface area may be provided by inserting within the rectangular conduit one or more 
additional surfaces such as planar surfaces. 

In a second preferred embodiment, the flowpath is defined by the collector 
surface, which collector surface is comprised of a generally cylindrical surface such as a pipe 
which forms a conduit for the gas stream. In this embodiment, further collector surface area 
may be provided by inserting within the pipe one or more suitable projecting surfaces. 

The flowpath comprises a flowpath inlet. The flowpath may further comprise a 
flowpath outlet so that the gas stream passes through the flowpath from the flowpath inlet to 
the flowpath outlet and exits or drains from the flowpath via the flowpath outlet. 

Preferably, however, the flowpath is comprised of a flowpath inlet and a 
flowpath end so that the gas stream passes through the flowpath between the flowpath inlet and 
the flowpath end, but does not exit or drain from the flowpath via the flowpath end. Instead, 
the gas stream passes through the flowpath and exits the flowpath via a gas drainage 
mechanism positioned between the flowpath inlet and the flowpath end. 

In some embodiments, the gas stream may drain from the flowpath from both a 
flowpath outlet and from a gas drainage mechanism. 

The gas drainage mechanism and the drainage mechanism for the collected 
droplets may be comprised of separate drainage mechanisms or may be comprised of a single 
combined drainage mechanism for both the collected droplets and the gas stream. Preferably 
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the gas drainage mechanism and the drainage mechanism for the collected particles are 
comprised of a single combined drainage mechanism. 



The flowpath may be oriented in any direction relative to gravity. For example, 
the flowpath may be oriented so that it is generally horizontal, generally inclined or generally 
declined from the flowpath inlet. Preferably, the flowpath is oriented to be generally declined 
from the flowpath inlet such that the flowpath outlet or the flowpath end is positioned below 
the flowpath inlet, in order that the passage of the gas stream through the flowpath will tend to 
encourage the collected droplets to move downward relative to gravity, thus promoting 
coalescence of the collected droplets and enhancing subsequent drainage of the coalesced 
collected droplets. 

In some embodiments, different portions of the flowpath may be oriented to be 
generally declined, generally inclined, and/or generally horizontal. 

The flowpath may be comprised of any cross-sectional shape or cross-sectional 
area. Where the flowpath is generally cylindrical, the diameter of the flowpath is preferably 
between about 15 millimeters and about 50 millimeters. It has been found during modelling of 
the invention with respect to a generally cylindrical flowpath that the ability of the collector 
surface to collect droplets diminishes if the flowpath has a diameter smaller than about 15 
millimeters or larger than about 50 millimeters. Where the flowpath is not generally 
cylindrical, the optimum size of the flowpath may be determined through testing or by 
modelling. 

The flow conditioner may be comprised of any structure, device or apparatus 
which is capable of conditioning the gas stream to provide substantially turbulent and generally 
axial flow of the gas stream through the flowpath. Turbulent flow of the gas stream increases 
the probability that the droplets will contact the collector surface or be placed within suitable 
proximity to the collector surface so that the adhesion forces between the droplets and the 
collector surface will cause the droplets to become collected on the collector surface. 

The generally axial flow of the gas stream distinguishes the invention from 
inertial separation technologies which utilize cyclonic flow to cause droplets to collect on a 
surface due to the effects of centrifugal acceleration. 
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Where the gas stream is not otherwise flowing, the flow conditioner may be 
further comprised of a structure, device or apparatus which is capable of imparting flow to the 
gas stream. In such circumstances, the flow conditioner may be comprised of a single 
structure, device or apparatus for performing both of these functions or may be comprised of a 
plurality of structures, devices or apparatus for performing these functions. 

In some preferred embodiments, the flow conditioner is comprised of an 
admission chamber which has a conical shape for progressively increasing the gas velocity to a 
level which will provide substantially turbulent flow through the flowpath, having regard to 
pressure, pressure drop limitations, concentration of droplets in the gas stream, erosion control 
within the apparatus and other factors. In some preferred embodiments, the flow conditioner 
maybe further comprised of a grid or screen for achieving pseudo-homogeneous turbulent flow 
conditions by reducing or eliminating large turbulent vortexes (i.e., macro-turbulence) resulting 
from ducts, elbows etc. upstream of the flow conditioner. 

In other preferred embodiments the flow conditioner may be comprised of an 
orifice which will provide substantially turbulent flow through the flowpath. 

Finally, in preferred embodiments, the flow conditioner may be further 
comprised of a pump, a fan or other structure, device or apparatus for imparting flow to the gas 
stream, in circumstances where the gas stream is not otherwise flowing. 

The drainage mechanism may be comprised of any structure, device, apparatus 
or system for draining the collected droplets from the collector surface. For example, the 
drainage mechanism may be comprised of a vacuum system or a mechanical wiper system for 
removing the droplets from the collector surface. 

Preferably the drainage mechanism is further comprised of the gas drainage 
mechanism for draining the gas stream from the flowpath. 

Preferably the drainage mechanism is comprised of one or more apertures 
defined by the collector surface. More preferably the drainage mechanism is comprised of one 
or more slits defined by the collector surface. In preferred embodiments the drainage 
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mechanism is comprised of a plurality of slits which are spaced axially along the collector 
surface between the flowpath inlet and the flowpath outlet. The slits preferably function both 
to drain the collected particles from the collector surface and to drain aU or a portion of the gas 
stream from the flowpath. 

The slits are preferably defined by the collector surface so that they are oriented 
transverse to the flowpath. 

The slits are preferably sized and spaced along the flowpath to provide for an 
adequate slit area to drain effectively the collected droplets. In embodiments where all or a 
portion of the gas stream is to be drained from the flowpath via the slits, the slits are preferably 
sized and spaced to provide for an adequate slit area to drain effectively both the collected 
droplets and the gas stream. In such embodiments, the slits are also preferably sized and 
spaced to provide a relatively uniform and limited superficial gas velocity through each of the 
slits and to provide a relatively low pressure drop as the gas stream drains through the slits. 

For example, the slits may be spaced and sized so that there is relatively more 
slit area toward the flowpath inlet and relatively less slit area toward the flowpath outlet or 
flowpath end. This result can be achieved by decreasing the frequency and/or size of the slits 
from the flowpath inlet toward the flowpath outlet or flowpath end. The slits may also be 
spaced and sized so that the total slit area is approximately equal to the cross-sectional area of 
the flowpath, so that the superficial gas velocity of the gas stream through the slits is slightly 
less than or approximately equal to the superficial gas velocity of the gas stream through the 
flowpath. Preferably the superficial gas velocity of the gas stream through the slits is slightly 
less than the superficial gas velocity of the gas stream through the flowpath. 

The drainage mechanism maybe further comprised of textures or shapes formed 
in the collector surface. For example, the collector surface may define troughs or grooves for 
collecting the droplets or coalescing the collected droplets and directing them toward the 
apertures for removal from the collector surface. Preferably the collector surface is configured 
so that the collected droplets are allowed to move along the collector surface toward the 
apertures under the influence of gravity. In preferred embodiments this result may be achieved 
by incUning or declining the flowpath. 



-17- 



WO 2005/070520 PCT/CA2005/000089 

The apparatus may be further comprised of a collection vessel associated with 
the drainage mechanism for receiving and/or storing the collected droplets or coalesced 
collected droplets which are drained from the collector surface. The collection vessel may also 
function to receive and/or store the gas stream which has been drained from the flowpath via 
the drainage mechanism. 

Preferably the drainage mechanism communicates with a single collection 
vessel. Alternatively, a plurality of collection vessels may be provided. The collection vessel 
may be open or closed, but is preferably closed so that one or more gas phases can be received 
and stored in the collection vessel. 

The collection vessel may function only to receive and/or store the drained 
collected droplets and the drained gas stream. Alternatively, the collection vessel may 
comprise a secondary separation vessel for separating constituents of the drained collected 
droplets and the drained gas stream into a plurality of products. The secondary separation 
occurring in the collection vessel may utilize gravitational or other separation techniques. The 
products obtained from the secondary separation may be disposed of, returned to the overall 
process, or recovered for other uses. 

The collection vessel may be positioned at any location relative to the flowpath 
and the collector surface. For example, the collection vessel may be positioned so that it is 
remote from the flowpath and the collector surface and even in a separate building or 
installation therefrom. In some preferred embodiments, the collection vessel may substantially 
or completely surround the flowpath and the collector surface so that the flowpath and the 
collector surface are fully or partially contained within the collection vessel. 

The apparatus may be further comprised of a cooler associated with the 
flowpath inlet for cooling the gas stream before it enters the flowpath. The cooler may be 
comprised of any structure, device or apparatus capable of removing heat from gases and 
vapors. Cooling of the gas stream may assist in increasing the efficiency of the apparatus by 
condensing vapor or by condensing liquid droplets contained in the gas stream to form larger 
droplets which are more easily separated. Where included, the cooler is positioned upstream of 
the flowpath inlet so that the gas stream can be cooled before it enters the flowpath. Preferably 
the cooler is positioned before or at the flow conditioner. 
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The apparatus may be further comprised of a washer for washing or rinsing the 
collector surface to remove solid residues or impurities which may interfere with the operation 
of the apparatus. The washer may be comprised of any structure, device or apparatus which is 
capable of removing such residues and/or impurities. Where provided, the washer is preferably 
operated intermittently during times when the gas stream is not being passed through the 
flowpath so that the operation of the washer does not interfere with the operation of the 
apparatus. 

In preferred embodiments, the apparatus may be comprised of a plurality of 
flowpaths configured in parallel. The use of a plurality of flowpaths facilitates an increase in 
the throughput of the apparatus, potentially reduces the overall pressure drop through the 
apparatus, and may also serve to provide a greater surface area of collector surface for 
collection of droplets. 

The plurality of flowpaths may be isolated from each other or communication 
between the plurality of flowpaths may be provided. For example, the plurality of flowpaths 
may be defined by one or more axially extending collector surfaces in the form of walls or 
dividers within a larger flowpath chamber, which walls or dividers may extend completely 
within the flowpath chamber to define isolated flowpaths or may extend only partially within 
the flowpath chamber as longitudinal baffles to define flowpaths which are in communication 
with each other. 

Where the apparatus includes a plurality of flowpaths, the apparatus also 
includes a plurality of collector surfaces for collecting droplets from each of the flowpaths. 
Where the apparatus includes a plurality of flowpaths, the apparatus preferably also includes a 
distributor associated with the flowpath inlets for distributing the gas stream amongst the 
flowpaths. 

The distributor may be comprised of any structure, device or apparatus which is 
effective to distribute the gas stream from a source of the gas stream to the plurality of 
flowpaths. Preferably the distributor distributes the gas stream substantially evenly or such that 
similar flow conditions are experienced in each of the flowpaths. The distributor may be 
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combined with the flow conditioner in a single combined apparatus or the distributor may be 
separate from the flow conditioner. 



In preferred embodiments, the distributor is comprised of a manifold which is 
associated with the flow conditioner such that a single structure, device or apparatus performs 
the conditioning function and the distributing function. 

In some preferred embodiments, the flow conditioner and the distributor are 
together comprised of an admission chamber and/or grid of the type described for use as the 
flow conditioner, so that the admission chamber and/or grid communicate with each of the 
flowpaths. 

In some preferred embodiments, the flow conditioner and the distributor are 
comprised of a distributor manifold comprising turbulence promoting orifices, which 
distributor manifold both distributes the gas stream amongst the flowpaths and adjusts the 
velocity of the portion of the gas stream which is delivered to each of the flowpaths. 

The method of the invention may be performed using the apparatus of the 
invention or may be performed using a different apparatus or combination of apparatus. 
Preferably the method of the invention is performed using the apparatus of the invention. The 
method may be performed using a single flowpath or a plurality of flowpaths. 

In the method of the invention, the gas stream conditioning step may be 
comprised of any procedure or combination of procedures which results in the gas stream 
exhibiting substantially turbulent and generally axial flow through the flowpath or flowpaths. 
In preferred embodiments, the gas stream conditioning step is performed using a flow 
conditioner of the type described for the apparatus of the invention. 

In the method of the invention, the gas stream passing step may be comprised of 
any procedure or combination of procedures which results in the gas stream communicating 
with a collector surface positioned adjacent to the flowpath or flowpaths. In preferred 
embodiments, the gas stream passing step is performed by passing the gas stream through the 
flowpath or flowpaths from the flowpath inlets to the flowpath outlets. 
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The gas stream is preferably passed through the flowpath such that re- 
entrainment into the gas stream of the droplets which have collected on the collector surface is 
minimized. This result may be achieved by controlling the flow of the gas stream through the 
flowpath with reference to one or more flow parameters which are relevant to the propensity of 
the droplets to become re-entrained in the gas stream. 

According to a first flow parameter, the superficial gas velocity of the gas 
stream through the flowpath may be maintained at a velocity which is less than the critical 
atomization gas velocity of the gas stream. According to a second flow parameter, the gas 
stream may be passed through the flowpath under conditions such that the Weber number is 
less than or equal to about 30 (assuming that the collected droplets are comprised of water). 
According to a third flow parameter, where the flowpath is generally cylindrical the gas stream 
may be passed through the flowpath substantially under annular flow conditions. 

According to a fourth flow parameter, the superficial gas velocity of the gas 
stream through the flowpath or flowpaths may be maintained at no greater than a maximum 
value which is dependent upon the composition, temperature and pressure of the gas stream. 
For example, for a water - air system at a standard temperature of about 15 degrees Celsius and 
a standard pressure of 1 atmosphere, the superficial gas velocity of the gas stream through the 
flowpath may be maintained at no greater than about 10 meters per second, or more preferably 
at no greater than about 8 meters per second, or even more preferably at between about 6 
meters per second and about 8 meters per second. 

Alternatively, the superficial gas velocity of the gas stream may be slightly 
greater than is suggested by the above parameters, in which case the average size of any 
droplets which become re-atomized or re-entrained in the gas stream will tend to be 
significantly larger than the average size of the original liquid droplets, and will tend to be 
separable from the gas stream using gravitational or inertial separation technologies. 

In the method of the invention, the collector surface draining step may be 
comprised of any procedure or combination of procedures which is effective to drain the 
collected droplets from the collector surface or surfaces. 
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In preferred embodiments, the collector surface draining step is performed using 
a drainage mechanism of the type described for the apparatus of the invention. The draining 
step may be comprised 6f draining the droplets from the collector surface and draining an 
amount of the gas stream from the flowpath. In the draining step, all of the collected droplets 
may be drained or only a portion of the collected droplets may be drained. 

Where the draining step is comprised of draining an amount of the gas stream 
from the flowpath with the collected droplets, the gas stream is preferably drained so that the 
superficial gas velocity of the gas stream while being drained is maintained at no greater than a 
maximum value which is dependent upon the composition, temperature and pressure of the gas 
stream, in order to minimize re-atomization and re-entrainment of the collected droplets as they 
are being drained, or alternatively in order to maximize the size of any re-atomized or re- 
entrained droplets. 

For example, for a water - air system at a standard temperature of about 15 
degrees Celsius and a standard pressure of 1 atmosphere, the superficial gas velocity of the gas 
stream while being drained may be maintained at no greater than about 10 meters per second, 
or more preferably at no greater than about 8 meters per second, or even more preferably at 
between about 6 meters per second and about 8 meters per second. Preferably the superficial 
gas velocity of the gas stream while being drained is slightly less than the superficial gas 
velocity of the gas stream through the flowpath. 

In the method of the invention, the invention may be further comprised of the 
step of receiving in a collection vessel the collected droplets which are drained from the 
collector surface or surfaces. The collection vessel receiving step may be comprised of any 
procedure or combination of procedures which is effective to receive the drained droplets. In 
preferred embodiments, the collection vessel receiving step is performed using a collection 
vessel of the type described for the apparatus of the invention. The collection vessel receiving 
step may be comprised of the step of receiving in a collection vessel the drained collected 
droplets from the collector surface or surfaces and the drained gas stream from the flowpath or 
flowpaths. 

In the method of the invention, the invention may be further comprised of the 
step of separating the drained collected droplets and the drained gas stream to produce a 
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plurality of products. The separating step may be performed in any manner, including by using 
gravitational and inertial separation technologies. 



In the method of the invention, the invention may be further comprised of the 
step of cooling the gas stream. The gas stream cooling step may be comprised of any 
procedure or combination of procedures which is effective to cool the gas stream. In preferred 
embodiments, the gas stream cooling step is performed using a cooler of the type described for 
the apparatus of the invention. 

In the method of the invention, the invention may be further comprised of the 
step of coalescing the collected droplets on the collector surfaces before draining the collected 
droplets as coalesced collected droplets. The coalescing step may result in the formation of 
small pools, liquid films or rivulets of coalesced collected droplets. 

The invention is intended for use in both "clean" and impurities-laden 
environments. A liquid film comprising collected liquid droplets may include a large portion 
of solid particles which may be transferred to the collection vessel, thus minimizing plugging 
and/or contamination of the collector surface and the associated drainage mechanism. 

The system of the invention may be used for extraction of solid particles which 
are combined with liquid droplets (such as when a mist of liquid is introduced on purpose to 
absorb or adsorb such solid particles) or may be used for separation of liquid droplets of the 
nature obtained during a bulk condensation process. 

To take full advantage of a broad spectrum of applications including chemical 
reactions, extraction of dust, extraction of any small solid particles, or removal of liquid micro- 
droplets, the present invention is directed at a family of solutions and designs based on 
"collector surface turbulent impact and extraction of droplets and particles" from a gas stream. 

In certain applications, the invention may be further comprised of an automated 
swing control system for eliminating the collected liquid droplets from the collector surface at 
desired levels or time intervals, and/or an automated swing system for executing "on line" 
washing operations of one apparatus while a pair apparatus is in operation. 
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Preferably the apparatus of the invention is designed to minimize the pressure 
drop experienced by the gas stream as it passes through the apparatus and preferably the 
method of the invention is performed so as to minimize the pressure drop experienced by the 
gas stream during performance of the method. 

Brief Description of the Drawings 

Embodiments of the invention will now be described with reference to the 
accompanying drawings, in which: 

Figure 1A is an elevation longitudinal section drawing of an apparatus 

according to a first preferred embodiment of the invention, utilizing a plurality of planar 

i 

surfaces as a collector surface. 

Figure IB is a partial cutaway pictorial drawing of the apparatus depicted in 

Figure 1A. 

Figure 2A is an elevation longitudinal section drawing of an apparatus 
according to a second preferred embodiment of the invention, utilizing a cylindrical surface or 
conduit as a collector surface. 

Figure 2B is a transverse section drawing of the apparatus depicted in Figure 
2 A, taken along line B-B. 

Figure 2C is a plan longitudinal section drawing of a combined 
conditioner/distributor from the apparatus depicted in Figure 2A, taken along line C-C. 

Detailed Description of the Invention 

A process involving passage of a gas stream containing droplets may include 
one or more steps such that a population of liquid droplets (in the range of, but not limited to 
between about 1 fim and about 100 /im) has been generated in a previous chemical or thermal 
process or simply as a result of condensing, and must be extracted from the carrying gas stream 
at high efficiency. 
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The present invention may be used asj a stand-alone apparatus or method or, due 
to its high efficiency and relatively low pressure drop attributes may be a component of a 
process involving one or a combination of: 

(a) a preliminary generation of liquid droplets; and 

(b) a particle liquid/solid contact process or/and a combination of direct-contact 
extraction processes where liquid droplets are involved and must be effectively 
separated from the carrying gas stream. 

When the invention is used in connection with any prior extraction technology 
requiring a liquid particle final separation the invention may therefore be a component of a 
complete separation process involving: (a) pulverization of the liquid into the liquid droplets 
(existing technology), (b) a direct-contact reaction/extraction using liquid droplets as an 
essential contact media, and (c) the use of the invention for the separation and/or recovery, of 
the liquid droplets from the carrying gas stream. 

An apparatus or method utilizing the invention includes the following elements: 
(a) Collector Surface 

The collector surface is preferably designed for maximum gas stream-surface 
contact, for drainage and removal of collected droplets and/or coalesced collected droplets and 
for minimizing the collected particle re-atomization and re-entrainment as a result of high-gas 
velocity breaking the film-gas interface. Preferably the collector surface functions to enhance 
collection of the droplets on the collector surface, to m ini m ize re-atomization and re- 
entrainment of the collected droplets once they have been collected on the collector surface, to 
promote the coalescence of collected droplets into small pools, liquid films and/or rivulets, and 
to facilitate the draining of the coalesced collected droplets such that the droplet size of the 
coalesced collected droplets is significantly larger than the liquid droplets initially carried by 
the gas stream. 
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The collector surface may be designed as a metallic or non-metallic solid or 
flexible wall or pipe assembly or a liquid surface used as a collecting and coalescer medium for 
collecting droplets using the interfacial tension adhesive property of liquids to be attracted to a 
surface. Depending on the liquid nature (wetting or non-wetting), the collector surface may be 
conditioned to assure spreading of the "oil-wef * or "water-wef 9 collected droplets and the 
formation of small pools, liquid films or rivulets through coalescence of collected droplets. 

(b) Drainage Mechanism 

The purpose of the drainage mechanism is to drain or remove the collected 
droplets from the collector surface. 

A liquid film comprising coalesced collected droplets may be directly 
eliminated or drained to some other location, such as for disposal, or may be received in a 
collection vessel, where the collected droplets may undergo further separation using 
mechanical separation techniques or other separation techniques. The collection vessel may 
also be used to contain the collected droplets in the event that the droplets are toxic or should 
otherwise be isolated from the surrounding atmosphere. 

The method and apparatus must create flow conditions of the gas stream leading 
to a transitional or turbulent flow regime in the vicinity of the collector surface, since 
turbulence is the main mechanism used to project droplets entrained in the gas stream toward 
the collector surface. The method and apparatus should preferably also minimize re- 
atomization and re-entrainment of collected droplets back into the gas stream through breaking 
of pools, films or rivulets of collected droplets. 

As a result, the flow of the gas stream through the flowpath should be managed 
to provide a flow which is substantially turbulent but moderate in order to avoid re-atomization 
and re-entrainment of collected droplets. Such moderation can be achieved by controlling one 
or more flow parameters relating to the flow of the gas stream through the flowpath. Such flow 
parameters may relate to a maximum Weber number within the flowpath, to the maintenance of 
annular flow conditions within the flowpath, to the superficial gas velocity of the gas stream 
through the flowpath, or to some other parameter. 
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The actual design of an apparatus or method utilizing the invention should take 
into account some other factors; which may, for example, be dependent upon the material, 
configuration and other characteristics of the collector surface. The following are additional 
objectives which may be considered in the design of an apparatus or method utilizing the 
invention: 

1. progressively reducing the flow area of the gas stream axially along the 
flowpath in order to maintain the desired turbulent flow regime. 

2. providing the capability to divide the gas stream into various flow elements or 
"sub-streams" for delivery to a plurality of flowpaths, aiming at a proper 
balance between flowrate, throughput, and maximum utilization of "collector 
surface collection area". 

Having regard to the above general considerations, the preferred embodiments 
of the invention are directed at the following: 

(a) the separation of liquid droplets (pure liquid or containing gas or solids) carried 
by a gas stream, in conjunction with a process involving gas cleaning, removal 
of solid particles, gas washing or direct gas-liquid / gas-liquid-solid contact 
reactions where the droplets are of relatively small dimensions; 

(b) the separation of impure or pure droplets using the effect of intrinsic flow 
turbulence (micro-turbulence) and a system design to allow for creating a high 
probability of impacting the droplets with large "collector surface" areas where 
collection of the droplets on the collector surface is achieved due to interfacial 
tension adhesion; 

(c) using vertical or inclined collector surfaces in order to create a favourable 
environment for coalescing and draining of a large number of collected droplets 
facilitated by forming small pools, liquid films or rivulets of coalesced collected 
droplets on the collector surface; 
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(d) draining the collected droplets and all or a portion of the gas stream through a 
drainage mechanism comprising a system of slits and collectors and allowing 
the collected droplets and the drained gas stream to move from a "high- 
turbulence gas droplets area" within the flowpath to an external collection area 
(collection vessel) which may provide for further separation amongst gas, liquid 
and solid phases; 



designing the collector surface and the flow characteristics of the gas stream to 
avoid excessive turbulence within the flowpath, in order to minimize the re- 
atomization or re-entrainment of droplets into the gas stream or in order to 
maximize the size of droplets which do become re-atomized or re-entrained in 
the gas stream; and 

designing the drainage mechanism to avoid excessive turbulence within the 
drainage mechanism, in order to minimize the re-atomization and re- 
entrainment of droplets into the gas stream or in order to maximize the size of 
droplets which do become re-atomized or re-entrained in the gas stream. 

Referring to Figure 1, there is depicted an apparatus according to a first 
preferred embodiment of the invention which is intended for use in processingjrelatively large 
quantities of gas at relatively low pressure and carrying liquid droplets with or without solid 
particles attached, and with or without suspensions of viscous ("gum") materials as additional 
impurities. 

The apparatus of Figure 1 is a planar collector surface apparatus (20) in which a 
flowpath (22) is defined by a collector surface (24) comprising a plurality of substantially 
planar surfaces. The collector surface (24) is preferably constructed of metal plates or sheets 
and is preferably textured to promote turbulent flow within the flowpath (22). The texturing 
may be comprised of corrugations, waves, ribs or a roughening of the collector surface (24). 
As depicted in Figure 1, the collector surface (24) includes texturing comprising corrugations 
or waves. The collector surface (24) is preferably treated to resist corrosion and erosion and is 
also treated to be "wettable" by the liquid droplets which are intended to be removed from the 
gas stream. 



(e) 



(f) 
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As depicted in Figure 1, the collector surface (24) is further comprised of 
additional surfaces (26) contained within the flowpath (22). The additional surfaces (26) each 
comprise substantially planar surfaces and function as additional collector surfaces for 
collecting liquid droplets. The additional surfaces (26) divide the flowpath (22) into a plurality 
of sub-flowpaths (28). The planar collector surface apparatus (20) may alternatively include a 
plurality of flowpaths instead of a single flowpath (22) having a plurality of sub-flowpaths 
(28). 

The planar collector surface apparatus (20) is further comprised of a flow 
conditioner (30) for conditioning the gas stream and a distributor (31) for distributing the gas 
stream amongst the sub-flowpaths (28). As depicted in Figure 1, the flow conditioner (30) and 
the distributor (31) are provided by a combined conditioner/distributor (35). Alternatively, the 
distributor (31) may be separate from the flow Conditioner (30). 

The combined conditioner/distributor (35) is connected with a source (not 
shown) for the gas stream, which source delivers the gas stream to the combined 
conditioner/distributor (35) as a flowing gas stream. Alternatively, the flow conditioner (30) or 
the combined conditioner/distributor (35) may be further comprised of a device, such as a 
pump (not shown) or a fan (not shown), for imparting flow to the gas stream. 

As depicted in Figure 1, the combined conditioner/distributor (35) is comprised 
of an admission chamber (32), which has a conical shape for progressively increasing the 
velocity of the gas stream to a level which will provide substantially turbulent flow of the gas 
stream. The combined conditioner/distributor (35) is further comprised of a grid (34) for 
imparting pseudo-homogeneous turbulent flow conditions to the gas stream after it has exited 
the admission chamber (32) by eliminating or minimizing large turbulent vortexes which may 
have resulted from ducts or elbows upstream of the admission chamber (32). 

The flowpath (22), including the sub-flowpaths (28), and the collector surface 
(24) are completely contained within a closed collection vessel (36). The collection vessel (36) 
defines a gas inlet (38), a liquid drainage outlet (40), and a gas outlet (42). The combined 
conditioner/distributor (35) is positioned adjacent to the gas inlet (38). 
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The flowpath (22) is contained entirely within the collection vessel (36). The 
flowpath (22) is comprised of a flowpath inlet (39) and a flowpath end (43). The flowpath inlet 
(39) is connected to the combined conditioner/distributor (35) so that the gas stream from the 
source is divided into separate gas streams for each of the sub-flowpaths (28). The flowpath 
(22) terminates at the flowpath end (43). 

The flowpath (22) includes a first section (44) and a second section (45). As 
depicted in Figure 1, the first section (44) of the flowpath (22) is comprised of three sub- 
flowpaths (28), while the second section (45) of the flowpath (22) is comprised of two sub- 
flowpaths (28). 

The planar collection surface apparatus (20) is further comprised of a drainage 
mechanism (46) for draining coalesced collected droplets which are collected on the collector 
surface (24), and for draining the gas stream from the flowpath (22). The drainage mechanism 
(46) is comprised of a plurality of slits (48) which are defined by the collector surface (24). 
The sections (44,45) of the flowpath (22) are declined and inclined respectively to encourage 
movement of the coalesced liquid droplets toward the slits (48) and to encourage further 
coalescence of collected droplets. 

The slits (48) are spaced axially between the flowpath inlet (39) and the 
flowpath end (43). The sections (44,45) of the flowpath (22) are sized, and the slits (48) are 
spaced and sized so that an amount of the gas stream passes through the slits (48) with the 
collected liquid droplets at substantially the same velocity through each of the slits (48). In 
addition, the velocity of the gas stream through each of the slits (48) is preferably controlled to 
minimize re-atomization or re-entrainment of liquid droplets or to maximize the size of any 
droplets which do re-atomize or re-entrain in the gas stream. 

The drainage mechanism (46) may be further comprised of troughs or grooves 
(not shown) in the collector surface (24) for directing collected liquid droplets toward the slits 
(48). 

The planar collector surface apparatus (20) is further comprised of a washer (52) 
for washing the apparatus (20) to remove residue and other impurities therefrom. The washer 
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(52) is preferably comprised of a spraying system by which water or some other solvent can be 
sprayed onto the collector surface (24). 



The planar collector surface apparatus (20) is also further comprised of a cooler 
(54) positioned within the combined conditioner/distributor (35) for cooling the gas stream 
before the gas stream enters the flowpath (22). 

In operation, a gas stream from the source is passed through the cooler (54) in 
order to condense water vapor contained in the gas stream and/or increase the size of liquid 
droplets contained in the gas stream. From the cooler (54), the gas stream is passed through 
the combined conditioner/distributor (35) where the gas stream is conditioned, divided and 
distributed substantially evenly to the sub-flowpaths (28) under substantially turbulent 
conditions such that the probability of liquid droplets contacting the collector surface (24) can 
be enhanced while the re-entrainment of the liquid droplets into the gas stream can be 
minimized. 

The liquid droplets contained in the gas stream pass through the sub-flowpaths 
(28) generally axially, contact or nearly contact the collector surface (24) due to the turbulent 
flow conditions and become collected on the collector surface (24) due to adhesion forces 
between the liquid droplets and the collector surface (24). The collected liquid droplets 
coalesce together and form a liquid film of coalesced collected droplets on the collector surface 
(24) which film is drained in a controlled manner from the collector surface (24) through the 
slits (48) in the collector surface (24), along with the gas stream. 

The drained collected droplets and the drained gas stream are received in the 
collection vessel (36), where they may undergo further secondary separation to separate liquid 
from the gas phase of the gas stream or to separate solid particles from either the liquid or the 
gas phase. From the collection vessel (30), the various separated products may optionally be 
directed to additional separation apparatus (not shown) to provide for multi-stage separation. 

The product gas stream exits the collection vessel through the gas outlet (42). 
The product gas stream may then be stored, disposed of, or delivered for use in an apparatus 
such as a compressor, turbine, or burner, depending upon the composition of the gas stream 
and the particular application of the invention. 
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The operation of the planar collector surface apparatus (20) may be interrupted 
intermittently so that that the apparatus (20) can be cleaned and restored using the washer (52). 

Referring to Figure 2, there is depicted an apparatus according to a second 
preferred embodiment of the invention, which may be suitable for processing relatively small 
quantities of gas, but potentially at a relatively high pressure, with or without solid particles 
attached, and with or without suspensions of viscous ("gum") materials as additional 
impurities. 

The apparatus of Figure 2 is a cylindrical collector surface apparatus (120) in 
which a first flowpath (122) is defined by a first collector surface (124) comprising a conduit or 
pipe. The first collector surface (124) is preferably constructed of cylindrical metal tubing and 
is preferably textured to promote turbulent flow within the first flowpath (122). The first 
collector surface (24) is preferably treated to resist corrosion and erosion and is also treated to 
be "wettable" by the liquid droplets which are intended to be removed from the gas stream. 

As depicted in Figure 2, the cylindrical collector surface apparatus (120) is 
further comprised of a second flowpath (126) which is defined by a second collector surface 
(128) comprising a conduit or pipe. The second collector surface (128) is preferably similar to 
the first collector surface (124) with respect to materials and construction. Although the 
second flowpath (126) is depicted in Figure 2 as being the same size as the first flowpath (122), 
the second flowpath (126) could be smaller or larger than the first flowpath (122). The 
cylindrical collector surface apparatus (120) may alternatively include a single flowpath or 
more than two flowpaths. 

Referring to Figures 2-3, the cylindrical collector surface apparatus (120) is 
further comprised of a flow conditioner (130) for conditioning the gas stream and a distributor 
(131) for distributing the gas stream to the flowpaths (122,126). As depicted in Figure 2, the 
flow conditioner (130) and the distributor (131) are provided by a combined 
conditioner/distributor (135). Alternatively, the distributor (131) may be separate from the 
flow conditioner (30). 
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The combined conditioner/distributor (135) is connected with a source (not 
shown) for the gas stream, which source delivers the gas stream to the combined 
conditioner/distributor (135) as a flowing gas stream. Alternatively, the flow conditioner (130) 
or the combined conditioner/distributor (135) may be further comprised of a device, such as a 
pump (not shown) or a fan (not shown), for imparting flow to the gas stream. 

As depicted in Figures 2-3, the combined conditioner/distributor (135) is 
comprised of a distributor manifold (132) which includes a turbulence promoting orifice (134) 
for each of the flowpaths (122,126). The distributor manifold (132) distributes the gas stream 
to the flowpaths (122,126) and the turbulence promoting orifices (134) condition the gas 
stream to provide substantially turbulent flow of the gas stream through each of the flowpaths 
(122,126). 

The flowpaths (122,126) and the collector surfaces (124,128) are completely 
contained within a closed collection vessel (136). The collection vessel (136) defines a gas 
inlet (138) adjacent to a first end (140) of the collection vessel (136), a liquid drainage outlet 
(141), and a gas outlet (142) between the first end (140) and a second end (144) of the 
collection vessel (136). The combined conditioner/distributor (135) is positioned within the 
collection vessel (136) adjacent to the gas inlet (138). 

Each of the flowpaths (122,126) is comprised of a flowpath inlet (139) and a 
flowpath end (143). The flowpaths (122,126) terminate at the flowpath ends (143). The 
flowpath inlets (139) for each of the flowpaths (122,126) are connected to the combined 
conditioner/distributor (135) so that the gas stream from the source is divided into separate gas 
streams for each of the flowpaths (122,126). 

The cylindrical collection surface apparatus (120) is further comprised of a 
drainage mechanism (146) for draining coalesced collected droplets which are collected on the 
collector surfaces (124,128), and for draining the gas stream from the flowpaths (122,126). 
The drainage mechanism (146) is comprised of a plurality of slits (148) which are defined by 
the collector surfaces (124,128). The flowpaths (124,128) are partly declined and partly 
inclined to encourage movement of the coalesced collected droplets toward the slits (148) and 
to encourage further coalescence of collected droplets. 
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The slits (148) are oriented transversely in the collector surfaces (124,128), are 
spaced axially between the flowpath inlets (139) and the flowpath ends (143). The slits (148) 
are spaced and sized so that an amount of the gas stream passes through the slits (148) with the 
collected liquid droplets at substantially the same velocity through each of the slits (148). In 
addition, the velocity of the gas stream through each of the slits (148) is preferably controlled 
to niinimize re-atomization or re-entrainment of liquid droplets or to maximize the size of any 
droplets which do re-atomize or re-entrain in the gas stream. 

The drainage mechanism (135) may be further comprised of troughs or grooves 
(not shown) in the collector surfaces (124,128) for directing collected liquid droplets toward 
the slits (148). 

The cylindrical collector surface apparatus (120) is further comprised of a cooler 
(154) positioned upstream of the combined conditioner/distributor (135) for cooling the gas 
stream before the gas stream enters the flowpaths (122,126). 

In operation, a gas stream from the source is passed through the cooler (154) in 
order to condense water vapor contained in the gas stream and/or increase the size of liquid 
droplets contained in the gas stream. From the cooler (154), the gas stream is passed through 
the combined conditioner/distributor (135) where the gas stream is conditioned, divided and 
distributed substantially evenly to the flowpaths (122,126) under substantially turbulent 
conditions such that the probability of liquid droplets contacting the collector surfaces 
(124,128) can be enhanced while the re-entrainment of the liquid droplets into the gas stream 
can be minimized. 

The liquid droplets contained in the gas stream pass through the flowpaths 
(122,126) generally axially, contact the collector surfaces (124,128) due to the turbulent flow 
conditions and become collected on the collector surfaces (124,128) due to adhesion forces 
between the liquid droplets and the collector surfaces (124,128). The collected liquid droplets 
coalesce together and form a liquid film of coalesced collected droplets on the collector 
surfaces (124,128) which is drained in a controlled manner from the collector surfaces 
(124,128) through the slits (148), along with the gas stream. 
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The drained collected droplets and the drained gas stream are received in the 
collection vessel (136), where they may undergo further secondary separation to separate liquid 
from the gas phase of the gas stream or to separate solid particles from either the liquid or the 
gas phase. From the collection vessel (130), the various separated products may optionally be 
5 directed to additional separation apparatus (not shown) to provide for multi-stage separation. 

The product gas stream exits the collection vessel through the gas outlet (142). 
The product gas stream may then be stored, disposed of, or delivered for use in an apparatus 
such as a compressor, turbine, or burner, depending upon the composition of the gas stream 
10 and the particular application of the invention. 
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